Wind tunnel investigation of Nacelle-Airframe interference at Mach numbers of 0.9 to 1.4-pressure data, volume 2 by Bencze, D. P.
General Disclaimer 
One or more of the Following Statements may affect this Document 
 
 This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 
 
 This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 
 
 This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 
 
 This document is paginated as submitted by the original source. 
 
 Portions of this document are not fully legible due to the historical nature of some 




















WIND TUNNEL INVESTIGATION OF NACELLE-AIRFRAME INTERFERENCE
AT MACH NUMBERS OF 0.9 to 1.4 -- PRESSURE DATA; VOLUME lI
(NASA — TM — X-73089) WIND TUNNEL INVESTIGATION;
	 N76-25144
OF MACELLE —AIRFRAME INTERFERENCF AT MACH
NUMBERS OF 0.9 TO 1.4
— PRESSURE DATA. VCLUME
2 (NASA) 423 P HC $11.00








I	 ^	 I	 I
1	 Report No.	 2. Government Accession No. 3. Recipient 's Catalog No.
,1	 - 73,088, 5. Report Date
February, 1976
4. Title and SuLtnie
Wind Tunnel	 Investigation of Nacelle-Airframe
Interference At Mach Numbers of 0.9 to 1. 4 — 6. Performing Organization Code
Pressure Data; Volume II
7. AuthorfO 8, Performing Organization Report No,
Daniel P. Bencze -10. Work Unit No.
505 -11-129. Performing Organization Name and Address
NASA-Ames Research Center 11. Contract or Grant No.
Moffett Field, Ca.	 94035
13. Type of Report and Period Covered
Teehniea	 1	 n.12. Sponsoring Agency Name and Address
14. Sponsoring Agency Code
16, Supplementary Notes
16. Abstract
Detailed interference force and pressure data were obtained on a repre-
sentative wing-body nacelle combination at Mach numbers of 0.9 to 1.4. 	 The
model consisted of a delta wing-body aerodynamic force model with four inde-
pendently supported nacelles located beneath the wing-body combination. 	 The
model was mounted on a six-component force balance, and the left-hand wing
was pressure-instrumented.	 Each of the t! •;o right-hand nacelles was mounted
on a six-component force balance housed in the thickness of the nacelle, while
each of the left-hand nacelles was pressure-instrumented. 	 The primary vari-
ables examined included Mach number, angle of attack, nacelle position, and
nacelle mass-flow ratio. 	 Four different configurations were tested to identify
various interference forces and pressures on each component; these included
tests of the isolated nacelle, the isolated wing-body combination, the four
nacelles as a unit, and the total wing-body-nacelle combination.	 Nacelle axial
location, relative to both the wing-body combination and to each other, was the
most important variable in determining the net interference among the components.
The overall interference effects were found to be essentially constant over
the operating angle-of-attack range of the configuration, and nearly independen
of nacelle mass-flow ratio.





19. Security Ctassif, (of this report) 20. Security Classif. (of this page) 21. o
24 
f rages 22.	 Price'4
4
Unclassified





INTRODUCTION ....................................................... 	 1
NOMENCLATURE ....................................................... 	 2
	
MODEL AND INSTRUMENTATION .......................................... 	 6
	




Nacelle Support System ........................................... 	 7
	
Boundary-Layer Trips ............................................. 	 8
	




1. WING PLANFORM .............................................. 	 10
2. WING THICKNESS DISTRIBUTION ................................ 	 11
3. NACELLE BALANCE CORRECTIONS ................................ 	 12
4. RANGE OF TRAVEL OF TIME NACELLE DRIVES
5. RANGE OF NACELLE POSITIONS RELATIVE TO MODEL COORDINATES ... 	 13
E.	 CONFIGURATION DESCRIPTION .................................. 	 14
7.	 IND& OF PLOTTED DATA (PRESSURE) ............................	 15
'`:ZL FIGURES
1. INSTALLATION PHOTOGRAPHS ..................................	 20
2. WIND TUNNEL MODEL AND INSTRUMENTATION ..................... 	 22
_	 i
1	 f	 l	 ^
TABLE OF CONTENTS
Page
3. NACELLE SUPPORT SYSTEM ....................................
	 27
DATA FIGURES
4. OUTBOARD NACELLE SURFACE STATIC PRESSURE DISTRIBUTION ..... 	 1
5. INBOARD NACELLE SURFACE STATIC PRESSURE DISTRIBUTION ...... 164
6. WING LOWER SURFACE STATIC PRESSURE DISTRIBUTION ........... 293
VOLUME II
6. WING LOWER SURFACE STATIC PRESSURE DISTRIBUTION ........... 409
7. WING UPPER SURFACE STATIC PRESSURE DISTRIBUTION ........... 649
iv
WIND TUNNEL INVESTIGATI0 11 OF NACELLE-AIRFRAME INTERFERENCE





Detailed interference force and pressure data were obtained on a
representative wing-body--nacelle combination at Mach numbers of 0.9 to
1.4. The model consisted of a delta wing-body aerodynamic force model
with four independently supported nacelles located beneath the wing--body
combination. The model was 62.2 in. long and had a wing span of 40.8 in.
The model was mounted on a six-component force balance, and the left-hand
wing was pressure instrumented. Each of the two right-hand nacelles was
mounted on a six-component force balance housed in the thickness of the
nacelle, while each of the left-hand nacelles was pressure-instrumented.
The nacelle support system provided the flexibility of varying the posi-
tion of the nacelles relative to the wing-body combination and each other,
and the capability of controlling the mass flow through each nacelle.
The experimental program was conducted in the Ames 11- by 11-Foot
Wing Tunnel at a constant unit Reynolds number of 3.0 x 10 6/ft. The pri-
mary variables examined included Mach number, angle of attack, nacelle
position and nacelle mass-flow ratio. Four different configurations were
tested to identify various interference forces and pressures on each com-
ponent; these included tests of the isolated nacelle, the isolated wing-
body combination, the four nacelles as a unit, and the total wing-body-
nacelle combination. Nacelle axial location, relative to both the wing-
body-combination and to each other, was the most important variable in
determining the net interference among the components. The overall inter-
ference effects were found to be essentially constant over the operating
angle-of-attack range of the configuration, and nearly independent of
nacelle mass-flow ratio.
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Q	 .122	 3.500	 1.149	 X—ib80	 56.000 OX	 .000
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PARAMETRIC VALUES
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MODEL STATION-INCHES• X
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W 8 N2 N2 (UPPER WING SURFACE) (ZAPU31)
SYMOL 2Y/B X-INBO MACH PARAMETRIC VALES
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W 8 N2 N2 (UPPER WING SURFACE) 	 (ZAPU31)
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W 8	 (UPPER WING SURFACE)	 [ RAPU36 ]
5YMEKL 2Y/8	 ALPHA	 MACH	 PARAMETRIC VALUES
Q	 .122	 .sw	 .B99	 x-MA	 52.000 OX	 .000
©	 .294
	























45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64











%-MA	 52.000 OX	 .000









45 46 47	 48 49	 50 51	 52	 53	 54	 55	 56 57 58 59	 60	 61	 6
111
2	 63 6^




























W B	 (UPPER WING SURFACE)
	 (RAPU38)
SYPO M_ 2Y/B	 ALPHA	 MACH	 PARAMETRIC VALUES
O	 .122	 5.030	 .898
	 x-MA	 52.000 OX
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W 8	 (UPPER WING SURFACE) CRAPU383
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FW B CUPPFR WING SURFACE) (RAPU3B)
2y/8	 ALP1K MACH PARAMETRIC VALUES $
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W B	 (UPPER DING SURFACE)
SYMBOL 2Y/a 	 AU"	 MACH
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W B	 (UPPER WING SURFACE)	 CRAPU38)
SYMBOL 2y/a 	ALPHA	 MACH	 PARAMETRIC VALUES
0	 .122	 5.900	 1,150	 X-MA	 52.000	 DX	 ODD
	
.294	 2YO/13	 .550	 2YI/B	 .250
.637
MODEL STATION-INCHES, X
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kW B	 (UPPER WING SURFACE)	 CR.APU38) i
SYMEKL ZYA	 ALWA	 MACE!	 PARAMETRIC VAL3k5
Q	 .322	 5.050	 1.303	 x-MA	 52JDM DX




































W B (UPPER WING SURFACE) (RAPU38)	 j
SYMM 2Y/8	 ALPHA MACH PARAMETRIC VALUES
0 .122
	
6.150 1.300 X-K&	 52.000	 OX	 .0000
.294 2Y0/B	 ,550	 2YI/8	 .2500 .456
D .637
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W 8 (UPPER WING SURFACE)
SYMBOL 2Y/8	 ALPHA MACH
























FIG 7 WING UPPER SURFACE STATIC PRESSURE DISTRIBUTION
W 8 (UPPER WING SURFACE) CRAPU38)
SYMBOL 2Y/8	 ALPHA MACH PARAMETRIC VALUES
O .122	 5.100 1.397 X-MA	 52.000	 OX	 .000
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W B (UPPER WING SURFACE)
SYMBOL 21x/8	 ALPHA MACH
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W 8
	
(UPPER WING SURFACE)	 ERAPU39)
5YMML 2Y/8	 ALPHA	 MACH	 PARAMO RLC YALL£S
	
Q	 .122	 .870	 .982	 X-MA	 48.000	 OX	 ,000
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W B (UPPER WING SURFACE) CRAPU39)	 ~ ~^
SWIM 2Y/8	 ALPHA MACH PARAMETRIC VALLE5
Q .122
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W 8 (UPPER WING SURFACE) €RAPU391
SYMBOL 2Y/8	 ALPHA MACH
Y
PARAMETRIC VALUES
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iW 8	 (UPPER WING SURFACE)	 (RAPU39)
SYMOM 2Y/e	 ALPHA	 MACH	 PARAMETRIC VALUES
©	 .1122	













































4S iS 47 48 49 50 51 52 53 54 55


















W 8	 (UPPER WING SURFACE)	 (RAPU39)
SYMBOL 2t.8
	
ALPHA	 MACH	 PARAMETRIC VALLES
0	 .122	 6.050	 1.149	 x MA	 48.000	 DX	 .000
13	 ,2S4	 2YQ/8	 .550	 2Y!/B	 .250
Q	 .466
O	 ,637
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SYMBOL 2Y/B	 ALPHA MACH





X-m	 48.000 0X	 .000
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MODEL STATION-INCHES. X
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W 8	 ( UPPER WI NG SURFACE )	 C RAPU39 ]	 -^~
SYMB& 2Y/O	 ALPHA	 MACH	 PARAMETRIC VALUES
0	 .122	 5.000	 1.400	 x-MA	 49.000	 Ox	 .000
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W B	 (UPPER WING SURFACE) 	 [RAPU40)
S1 MML 2r/B	 ALPHA	 fQZH	 PARAMETR 1 C VALUES
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